Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is one of the most common human malignancies, and the second leading cause of cancer-related death in men in developing countries.[@CIT0001] On a greater scale, the high incidence of HCC in Asia reflects the incidence of hepatitis B virus (HBV) infection, where more than 5% of the population have been infected chronically.[@CIT0001] However, in the Western hemisphere, hepatitis C virus (HCV) infection, alcoholism and obesity are additional risk factors for HCC.[@CIT0002] At the present moment, the most commonly used therapeutic options for HCC patients are liver resection and liver transplantation.[@CIT0003] Although liver transplantation has developed in recent years, its application in China has been limited by the shortage of donors and expensive price of operation. As defined by the BCLC staging system, surgical resection remains the first-line treatment for patients with the best results.[@CIT0004] Furthermore, due to the high recurrence and metastasis, the long-term prognosis after hepatectomy remains poor. Therefore, exploring simple and reliable predictors for identifying patients with poor prognosis would be a crucial step for better treatment.

Current evidence demonstrates clinicopathological factors, such as tumor diameter, tumor capsule and vascular invasion have been confirmed to be associated with early intrahepatic recurrence of solitary HCC after curative liver resection.[@CIT0005] However, these clinical tumor parameters could only partially explain the prognostic heterogeneity of HCC. In recent years, some combined indexes have also been proven to be predictors for HCC patients with resection, such as lymphocyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR), and neutrophil-to-lymphocyte ratio (NLR).[@CIT0006]--[@CIT0008] In recent studies, Albumin-alkaline phosphatase ratio (AAPR), an indicator that combines albumin and alkaline phosphatase has been identified to be a novel indicator for forecasting the prognosis of HCC. Cai et al identified that the AAPR was an independent factor for OS in advanced HCC patients without receiving standard anti-cancer therapies.[@CIT0009] Their team also confirmed AAPR as an independent prognostic factor in HCC patients treated with TACE.[@CIT0010]

However, to the best of our knowledge, there have been few studies exploring the prognostic value of AAPR in HBV-related HCC patients who received curative resection.[@CIT0011] Therefore, our study was performed to verify the prognostic significance of AAPR in HBV-related HCC patients who received curative liver resection. In this retrospective study, both overall survival (OS) and tumor recurrence-free survival (RFS) were analyzed.

Patients {#S0001-S2001}
--------

A total of 221 HBV-related HCC patients in Shandong Provincial Hospital who underwent liver cancer resection and were initially treated with curative hepatectomy between 2010 and 2015 were included in the study. Patients who were included had complete removal of the tumor, which we defined as curative liver resection. The exclusion criteria of the patients were as follows: (1) Patients who underwent preoperative therapy, such as transarterial chemoembolization, radiofrequency ablation, or percutaneous ethanol injection; (2) HCC combined with other tumors or coexistent hematological disorders; (3) patients without medical information or incomplete information after follow-up; and (4) Cirrhotic patients with a clinical severity of grade C on the Child-Pugh Cirrhosis scale.

The study was approved by the Ethics Committee of Shandong Provincial Hospital. All included patients provided signed consent for participation in the study, and written informed consent for the use of clinical data was obtained at the time of surgery. Clinical information was obtained and reviewed through medical archives. This study was conducted in accordance with the Declaration of Helsinki.

Data Collection {#S0001-S2002}
---------------

Demographic and clinical data included age, gender, liver cirrhosis, lymph nodes metastasis, tumor size, tumor number, ascites and portal vein tumor thrombus (PVTT) were collected. The calculation of AAPR of all subjects was based on preoperative blood value. Routine examination of these 221 HCC patients, including ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI) and blood biochemical examination were performed within 1 week before surgery.

Follow-Up {#S0001-S2003}
---------

After surgery, patients were followed up with an interval of 3 months for the first 2 years and every 6 months thereafter. During the follow-up visits, routine physical examination, liver function tests, serum AFP level, and imaging examinations were conducted. When suspected of recurrence, abdominal enhanced computed tomography (CT) scan, magnetic resonance imaging (MRI), and PET-CT were selectively performed. Patients with confirmed recurrence received further treatment, such as the second surgical resection, transarterial chemoembolization, or radiofrequency ablation. OS and RFS were used as primary end points. OS was calculated from the date of operation to the date of death or the date of last follow-up. RFS was calculated from the date of operation to the date of first recurrence or the date of last follow-up (for the patients without recurrence).

Statistical Analysis {#S0001-S2004}
--------------------

Statistical analysis was performed using SPSS 24.0 software (SPSS, Chicago, IL, USA). The optimal cutoff of AAPR was obtained through X-tile software using minimum P value method.[@CIT0012] Categorical data were analyzed by a *χ*^2^ test or Fisher's exact test. The propensity score matching (PSM) was performed based on age, gender, liver cirrhosis, PVTT, ascites, tumor number, tumor size and lymph nodes. Then, a 1:1 match between the AAPR\>0.40 group and AAPR≤0.40 group was performed (caliper=0.2). Moreover, the matching algorithm was nearest neighbor matching, and the estimation algorithm was logistic regression. The cumulative OS and RFS rates were assessed by the Kaplan--Meier method, and the difference between the two groups was evaluated by log-rank test. Cox proportional hazards regression models with corresponding 95% Cis were used for univariate and multivariate analysis of prognostic factors affecting OS and RFS. A p-value of 0.05 was considered to be statistically significant.

Results {#S0002}
=======

Clinicopathological Characteristics After PSM {#S0002-S2001}
---------------------------------------------

After selection, 221 HBV-related HCC patients were included in this retrospective cohort study. As far as we know, clinicopathological factors, such as tumor diameter, PVTT, have been confirmed to be associated with early intrahepatic recurrence of solitary HCC after curative liver resection. Therefore, we performed a propensity matching analysis (PSM) to reduce data bias. After the 1:1 PSM, 188 patients were enrolled in the final analysis (33 patients were not matched and excluded; [Table 1](#T0001){ref-type="table"}). Among them, 161 patients were males and 27 were females, with a male-to-female ratio of 5.96:1. The median age of the entire cohort was 52.3 years (range, 22--77years). The median follow-up duration was 46.5 months. Baseline clinicopathologic characteristics are shown in [Table 1](#T0001){ref-type="table"}.Table 1Baseline Characteristics for Patients with High and Low AAPR Before and After PSMBefore PSMP valueAfter PSMP valueAAPR≤0.4AAPR\>0.4AAPR≤0.4AAPR\>0.4Age, Year ≥6029300.20927290.750 \<6095676765Gender Male107830.53379820.878 Female17141512Liver Cirrhosis Yes22210.46617200.582 No102767774Lymph Nodes Yes1730.006830.120 No107948691PVTT Yes103860.24178830.352 No21111611Ascites Yes96810.39475790.491 No28161915Tumor Number Single105890.38181870.442 Multiple198137Tumor Size \>5cm5568\<0.00150620.075 ≤5cm69294432

The Optimal Cutoff Value for AAPR {#S0002-S2002}
---------------------------------

The optimal cutoff value of AAPR for predicting OS was established by X-tile 3.6.1 software, and results from X-tile analysis revealed that the optimal cutoff point for the AAPR level was 0.40. Subsequently, according to the cutoff value, 94 (50%) patients were included in the high-AAPR group (AAPR\>0.40) and 94 (50%) patients were included in the low-AAPR group (AAPR≤0.40).

Prognostic Factors Associated with OS and RFS {#S0002-S2003}
---------------------------------------------

Our study aimed to determine the factors affecting OS and RFS. Thus, following univariate analysis, AAPR, ascites, tumor number, tumor size, and PVTT were determined to be prognostic factors associated with OS. Multivariate regression analysis demonstrated that AAPR, ascites, tumor number, PVTT were independent risk predictors of OS. Univariate and multivariate analysis of factors affecting OS is shown in [Table 2](#T0002){ref-type="table"}. With regard to RFS, univariate analysis indicated that AAPR, ascites, tumor size, tumor number, and PVTT was significant predictors of RFS. The factors mentioned above were assessed using multivariate COX regression analysis revealing that AAPR, ascites, tumor number, and PVTT could be independent predictors of poor RFS for HBV-related HCC. Univariate and multivariate analysis for RFS is shown in [Table 3](#T0003){ref-type="table"}.Table 2OS Univariate and Multivariate Cox Regression After PSMVariablesUnivariate AnalysisMultivariate AnalysisHR (95% CI)P valueHR (95% CI)P valueAge (Year) ≥60 vs \<601.269(0.805--2.000)0.306Gender Male vs female0.640(0.320--1.278)0.206AAPR \>0.4 vs ≤0.40.032(0.007--0.153)\<0.0010.037(0.007--0.186)\<0.001Liver Cirrhosis Yes vs no1.389(0.768--2.511)0.277PVTT Yes vs no2.936(1.747--4.932)\<0.0012.561(1.489--4.404)0.001Ascites Yes vs no1.617(1.060--2.466)0.0261.474(1.089--2.220)0.045Tumor Number Multiple vs single1.855(1.287--2.673)0.0011.899(1.318--2.736)0.001Tumor Size (cm) \>5 vs ≤52.022(1.312--3.116)0.0011.492(0.942--2.364)0.088Lymph Nodes Metastasis Yes vs no1.179(0.477--2.912)0.721 Table 3RFS Univariate and Multivariate Cox Regression After PSMVariablesUnivariate AnalysisMultivariate AnalysisHR (95% CI)P valueHR (95% CI)P valueAge (Year) ≥60 vs \<601.223(0.810--1.847)0.338Gender Male vs female0.700(0.383--1.280)0.247AAPR \>0.4 vs ≤0.40.065(0.016--0.260)\<0.0010.080(0.019--0.328)\<0.001Liver Cirrhosis Yes vs no1.101(0.668--1.813)0.706PVTT Yes vs no2.431(1.480--3.992)\<0.0012.054(1.221--3.456)0.007Ascites Yes vs no1.655(1.114--2.458)0.0131.513(1.026--2.231)0.036Tumor Number Multiple vs single1.797(1.258--2.566)0.0011.817(1.274--2.590)0.001Tumor Size (cm) \>5 vs ≤51.806(1.222--2.670)0.0031.429(0.943--2.166)0.092Lymph Nodes Metastasis Yes vs no1.083(0.475--2.472)0.850

Survival Analysis {#S0002-S2004}
-----------------

The cumulative 1-, 3-, and 5-year OS rates were 97.1%, 78.2%, and 67.3% in patients with AAPR\>0.40 group, respectively, which were significantly higher than those in the AAPR≤0.40 group (80.2%, 54.4%, and 40.1%, respectively) (P \<0.001) ([Figure 1A](#F0001){ref-type="fig"}). Median OS of patients with AAPR\>0.40 group in peripheral blood was 48.47 months, which was statistically significantly higher than those with AAPR≤0.40 group (33.96 months) (48.47±1.84 months vs 33.96±2.23 months, P \<0.001). The cumulative 1-, 3-, and 5-year RFS rates were 86.1%, 60.2%, and 54.8% in patients with AAPR\>0.40 group, respectively, which were significantly higher than those in the AAPR≤0.40 group (64.7%, 38.4%, and 30.2%, respectively) (P \<0.001) ([Figure 1B](#F0001){ref-type="fig"}). The median RFS of patients with AAPR\>0.40 group in peripheral blood was 39.12 months, which was statistically significantly higher than those with AAPR≤0.40 group (24.90 months) (39.12±2.33 months vs 24.90±2.13 months, P \<0.001).Figure 1Overall survival (**A**) and recurrence-free survival (**B**) based on the AAPR cutoff point of 0.40 in hepatitis B virus-positive hepatocellular patients.

The Subgroup Analysis of AAPR {#S0002-S2005}
-----------------------------

Through subgroup analysis of ascites, we found that AAPR\>0.40 group provided a better OS ([Figure 2A](#F0002){ref-type="fig"}, P=0.002) and RFS ([Figure 2B](#F0002){ref-type="fig"}, P=0.004) for patients without ascites. Furthermore, we found that AAPR\>0.40 group provided a better median OS (49.92 ± 1.90 months vs 35.40 ± 2.46 months, P\<0.001) and RFS (41.47 ± 2.49 months vs 26.49 ± 2.38 months, P\<0.001) for patients without ascites.Figure 2Overall survival (**A**) and recurrence-free survival (**B**) in the subgroup of patients without ascites.

The AAPR\>0.40 group provided a better OS ([Figure 3A](#F0003){ref-type="fig"}, P=0.014) and RFS ([Figure 3B](#F0003){ref-type="fig"}, P=0.036) for patients with ascites. The AAPR\>0.40 group also had longer median OS (40.80 ± 5.58 months vs 28.26 ± 5.11 months, P=0.109) and RFS (26.73 ± 5.65 months vs 18.63 ± 4.58 months, P=0.268) compared to the AAPR≤0.40 group for patients with ascites.Figure 3Overall survival (**A**) and recurrence-free survival (**B**) in the subgroup of patients with ascites.

Discussion {#S0003}
==========

Our study aimed to develop better prognostic tools for patients with liver disease caused by chronic hepatitis B infection. We present the first study, through our prior literature review, to analyze the association of AAPR with HBV-related HCC patients undergoing curative resection treatment. Our study explored the prognostic value of the AAPR in HBV-related HCC patients after curative resection and concluded that AAPR was an independent prognostic predictor HBV-related HCC. Furthermore, our results showed that patients with AAPR level under 0.40 have decreased OS and RFS.

Serum ALB and ALP levels are major indexes for liver function examination. Liver function indicators directly associate with the prognosis of HCC patients. Albumin is a globular protein with liver protein synthetic function and also serves as a nutritional index in tests. High serum ALB levels are associated with a low recurrence rate of HCC patients.[@CIT0013] The presence of ALB in serum reduces the phosphorylation of Rb protein and suppresses cellular proliferation of HCC.[@CIT0014] ALB could also modulate the systemic and organ inflammatory reaction, which plays an antioxidant role in tumorigenesis.[@CIT0015] Recently, ALB has become a popular bio-marker for the prediction of survival in various malignancies, such as colorectal cancer and renal cell carcinoma.[@CIT0016],[@CIT0017] Therefore, low ALB levels not only indicates insufficient liver function but reflects a lack of human defense capabilities.

ALP is a hydrolase enzyme presented in all tissues and organs, such as the bile duct and bone, but mainly gathers in the liver.[@CIT0018] Cytological study has shown that the nuclear ALP response rate in Hep-G2 cells was about 5 times higher than that in normal cells.[@CIT0019] This phenomenon suggests that high levels of ALP might be related to the proliferation of cancer cells. Moreover, ALP is one of the fundamental elements in the Chinese University Prognostic Index systems and considered to be a poor prognostic factor if higher than 200 U/L.[@CIT0020] Cumulative data derived from the Asian population with HCC have revealed elevation of ALP was associated with poor outcome.[@CIT0021]--[@CIT0023] For instance, a large-scale study in Taiwan showed that ALP is an independent factor for DFS and OS.[@CIT0021] Carr et al reported that ALP levels were related to HCC extrahepatic metastasis.[@CIT0022] Meanwhile, they also reported patients with larger tumors with similar platelet and bilirubin levels had significantly increased ALP and the presence of PVTT.[@CIT0023] Thus ALP may play an important role in cell cycle regulation, cell proliferation and tumor formation.

AAPR is an easily obtained biomarker that combines ALB and ALP providing added clinical benefit. Chan et al first proposed the concept of the AAPR and established AAPR was an independent prognostic factor for patients with HCC.[@CIT0011] In our study, univariate and multivariate analyses indicated that ALP and ALB were not important independent risk factors for OS or RFS, while AAPR was important. In this study, AAPR (cutoff: 0.40) was used for survival prediction in HBV-related HCC subjects and patients with AAPR below 0.40 were associated with poor prognosis. More importantly, AAPR has been identified as a predictor for clinical outcomes in a variety of malignancies, such as cholangiocarcinoma,[@CIT0018] upper tract urothelial carcinoma,[@CIT0024] and metastatic nasopharyngeal carcinoma.[@CIT0025]

In our study, ascites, fluid build-up in abdomen, was determined as a significant independent prognostic factor of RFS. The results were consistent with research findings showing ascites were independent predictors of poor survival.[@CIT0026] Regardless of whether patients had ascites or not, AAPR\>0.40 group had longer OS and RFS. However, for some patients with ascites, the comparison of median OS and RFS between AAPR\>0.40 group and AAPR≤0.40 group was not statistically significant. This may be related to fewer patients with ascites in our study.

Our study has several strengths that would support changes to diagnoses and treatment based on our findings. First, to our knowledge, this is the first study focusing on verifying the prognostic potential of AAPR in HBV-related HCC undergoing surgery. Second, AAPR is a readily available indicator in clinical practice. Moreover, the association of AAPR and other clinicopathological characteristics was explored in this study. Last, all enrolled patients were treated with curative resection, which to a large extent, minimized the potential influence from the different treatment options.

Although our study was the first to explore the prognosis value of AAPR in HBV-related HCC patients treated by liver resection, we have identified several limitations requiring further study. Firstly, the study design had inevitable withdrawal of certain patients from the selection process and created a clinical bias due to the retrospective nature of the study. Secondly, all of the data were collected from a single medical center and our sample size was still limited. Thirdly, the results of the present study were limited to patients to HBV-associated HCC. In the future, multicenter and prospective clinical studies with a large sample size are urgently needed to confirm our conclusions and promote the clinical application of AAPR.

Conclusion {#S0004}
==========

Overall, our results suggest AAPR is a promising and reliable prognostic indicator in patients with HBV-related HCC after hepatic resection. This indicator can be used as a routine examination of HBV-related HCC patients before surgery, and it will help clinicians adopt personalized adjuvant therapies for patients with HCC that are at high risk for recurrence after liver resection.
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Abbreviation {#S0005}
============

AAPR, Albumin-to-alkaline phosphatase ratio; HBV, Hepatitis B virus; HCV, Hepatitis C virus; HCC, hepatocellular carcinoma; ALP, alkaline phosphatase; ALB, albumin; TB, total bilirubin; ALT, alanine aminotransferase; GGT, glutamyl transpeptidase; AFP, alpha-fetoprotein.
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